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Description 



[CHIP PACKAGE STRUCTURE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92118039, filed July 2, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] This invention relates to a semiconductor chip package, 
and more particularly to a chip package structure with 
better heat dissipation and less warpage of the package 
substrate. 

[0004] Brief Description of Related Art 

[0005] | n the semiconductor industry, the production of inte- 
grated circuits (ICs) includes three stages: wafer produc- 
tion, IC production and IC package. A bare chip (die) is 
obtained after forming a plurality of semiconductor de- 
vices on a wafer and singulating the wafer. The singulated 
bare chip is electrically connected to an external device 



via contacts and then encapsulated by the molding com- 
pound. The package structure of the chip can protect the 
bare chip from influences of external moisture, heat, and 
noise, and acts as a medium for electrically connecting the 
bare die and the external circuitry. 

[0006] Flip chip bonding technology distributes bonding pads 
over an active surface of a chip in area arrays, and turns 
(flips) the chip upside down to attach onto a carrier after 
bumps has been formed respectively on the bonding 
pads. The bumps electrically and physically connect 
bonding pads of the chip to the contacts of the substrate 
so that chip is electrically connected to the substrate via 
the bumps and can be further connected to external de- 
vices through an inner wiring of the substrate. 

[0007] | t j S noted the flip chip technology can be applied to high- 
pin-count semiconductor package structures. Moreover, 
because of its advantages such as small package area and 
short signal transmission path, flip chip technology has 
been widely applied in the semiconductor package. One of 
the most common flip-chip package structures is the flip 
chip ball grid array (FC/BGA) type package structure. As 
the operation speed of the chips keeps increasing, higher 
requirement of heat dissipation accordingly is desired. 



[0008] FIG. 1 is a side view of a conventional FC/BGA chip pack- 
age structure 100. Bumps 106 electrically connect a chip 
102 and a substrate 104. In other words, bodning pads 
(not shown) on the chip 102 electrically connect to elec- 
trode pads (not shown) on the substrate 104 via the 
bumps 106. An underfill 108 is filled between the chip 
102 and the substrate 104. The underfill 108 provides 
stress buffer to protect the bumps 106 between the chip 
102 and the substrate 104 from damages due to mis- 
match in coefficients of thermal expansion (CTE). A stiff— 
ener ring 110 is disposed on the substrate 104 and 
around the chip 102. A heat sink 112 locates on the stiff— 
ener ring 110 and on the back side of the chip 102. Fur- 
thermore, solder balls 114 are further mounted on an- 
other surface of the substrate 104 opposite to the chip 
carrying surface of the substrate 104. The bonding pads 
of the chip 102 electrically connect to solder balls 114 via 
an internal wiring of the substrate 104. 

[0009] However, for the chip package structure of FIG. 1, during 
thermal cycles or reliability tests of equipment that is in- 
stalled with such package structure, the package structure 
tends to warp or deform, due to the CTE mismatch be- 
tween the chip and the substrate (CTE of the chip is about 



2.6 ppm/°C and that of the substrate is about 15-18 
ppm/°C). Sometimes in serious cases, bumps in the pack- 
age structure even detach from the substrate as shown in 
FIG. 2. Such a deformation becomes significant when the 
size of the chip becomes approximate to that of the sub- 
strate; for example, when the chip is 19*23mm and the 
substrate is 27*27mm. 
Summary of Invention 

[0010] Therefore, it is an object of the invention to provide a chip 
package structure which affords better heat dissipation of 
the chip. 

[° 01 1 ] It is another object of the invention is to provide a pack- 
age structure in which the deformation or warpage of the 
substrate during thermal cycles can be alleviated. 

[0012] | n order to achieve the above and other objectives, the 

chip package structure of the invention at least includes a 
substrate having an upper surface and a lower surface, a 
chip having an active surface and a back surface, a first 
heat sink and a second heat sink and/or a stiffener. The 
active surface of the chip is attached to the upper surface 
via bumps, so that the chip electrically connects to the 
substrate. The stiffener is disposed on the upper surface 
of the substrate and around the chip. The first heat sink is 



disposed on the back surface of the chip and on the stiff- 
ened The second heat sink is disposed on the lower sur- 
face of the substrate, below the chip. 
[0013] As embodied and broadly described herein, the second 

heat sink may havea coefficient of thermal expansion sim- 
ilar to or the same as that of the substrate. Moreover, one 
or more fins can be further included on the second heat 
sink, which helps to increase the heat dissipation effi- 
ciency. 

[0014] Furthermore, the stiffener can be integrally formed with 
the first heat sink as an integral single body. 

[0015] As described above, the second heat sink attached onto 
the lower surface of the substrate increases the heat dis- 
sipation efficiency of the semiconductor package struc- 
ture. 

[0016] The stiffener firmly attached onto the lower surface of the 
substrate also reinforces the package structure and 
lessens the warpage deformation of the substrate. 

[0017] As the second heat sink has a coefficient of thermal ex- 
pansion similar to or the same as that of the substrate, 
the second heat sink can be considered as a structural re- 
inforcement for the substrate to prevent warpage defor- 
mation. 



Brief Description of Drawings 

[0018] FIG. 1 is a side view of a conventional chip package struc- 
ture; 

[0019] FIG. 2 is a side view of a conventional chip package of 

which a substrate is deformed in thermal cycles; 
[0020] FIG. 3 is a side schematic view of a chip package structure 

according to one embodiment of the invention; 
[0021] FIG. 4 is a bottom schematic view of a substrate of the 

chip package structure according to one embodiment of 

the invention; 

[0022] FIG. 5 is a side schematic view of a chip package structure 
according to another embodiment of the invention; 

[0023] FIG. 6 is a side schematic view of a chip package structure 
according to another embodiment of the invention; and 

[0024] FIG. 7 is a side schematic view of a chip package structure 
according to another embodiment of the invention. 
Detailed Description 

[0025] FIG. 3 is a side schematic view of a chip package structure 
according to one embodiment of the invention. Referring 
to FIG. 3, the flip-chip package structure 200 at least in- 
cludes a chip 202, a substrate 204, a stiffener 210, a first 
heat sink 212 and a second heat sink 216. 



[0026] The substrate 204 has an upper surface 204a and a lower 
surface 204b. The chip 202 has an active surface 202a 
and a back surface 202b. Bumps 206 electrically connect 
contact pads (not shown) on the active surface 202a of the 
chip 202 to electrode pads (not shown) on the upper sur- 
face 204a of the substrate 204. 

[0027] The stiffener 210 is disposed on the upper surface 204a 
of the substrate 204 and surrounding the chip 202. The 
stiffener 210 can assist the positioning of the first heat 
sink 212 in the subsequent process and enlarges the heat 
dissipating area of the first heat sink 212 for better heat 
dissipation. 

[0028] The first heat sink 212 is attached onto the back surface 
202b of the chip 202 and to the stiffener 210. The first 
heat sink 202 can be made of a metal, for example, cop- 
per. The first heat sink 212 can be glued onto the back 
surface 202b of the chip 202 and to the stiffener 210, for 
example. 

[0029] The second heat sink 216 is disposed on the lower sur- 
face 204a of the substrate 202 and below the chip 202. 
The second heat sink 216 can be made of a metal, for ex- 
ample, copper. FIG. 4 illustrates the lower surface 204b of 
the substrate 204 of a chip package structure according 



to one embodiment of the invention. Referring to FIG. 4, a 
plurality of solder balls 214 are mounted on the lower 
surface 204b of the substrate 204. The second heat sink 
216 locates on a central area of the lower surface 204b of 
the substrate 204 where no solder balls 214 are mounted 
thereon. 

[0030] it is noted that the second heat sink 216 is firmly attached 
on the lower surface 204b of the substrate 204. There- 
fore, the second heat sink 216 not only enhances the heat 
dissipation but also alleviates the deformation of the sub- 
strate 204. 

[0031] The material of the second heat sink 216 can be chosen to 
have a coefficient of thermal expansion (CTE) similar to or 
the same with that of the substrate 204. In one embodi- 
ment, the second heat sink 216 is made of the same ma- 
terial as the substrate 204. In this case, since the thermal 
expansions of the second heat sink 216 and the substrate 
204 are similar or about the same, the second heat sink 
216 attached onto the lower surface 204b of the substrate 
204 can be considered as a strengthened integrally 
formed structure. Furthermore, an underfill material can 
be filled between the chip 202 and the substrate 204 to 
wrap the bumps, for reducing stress between the chip 202 



and the substrate 204. 
[0032] FIG. 5 is a side schematic view of a package structure ac- 
cording to another embodiment of the invention. The ele- 
ments indicated by the same reference numeral in the 
above embodiment are the same as those in the above 
embodiment, and thus need not to describe in details 
hereafter. 

[0033] | n this embodiment, the second heat sink 216 is further 
provided with at least one fin 218 thereon. The fin 218 
mounted on the second heat sink 216 enlarges the heat 
dissipating area of the second heat sink 216 and increases 
the heat dissipation of the chip 202. It is noted that the 
height of the fin 2 18 must be carefully chosen, for exam- 
ple, to be less than the height of the solder balls 214, for 
not impairing any contact between the solder balls 214 
and other components. 

[0034] | n t his embodiment, the second heat sink 216 can be, but 
not limited to, of rectangular shape. The shapes of the 
second heat sink 216 can be varied depending on the de- 
sign requirements. 

[0035] in the above embodiment, the stiffener 210 and the first 
heat sink 212 are separately mounted. However, they can 
be also integrally formed into a single body as shown in 



FIG. 6 and FIG. 7. The elements indicated by the same ref- 
erence numeral in FIG. 6 and FIG. 7 are the same as those 
in the above embodiment, and thus need not to describe 
in details hereafter. Specifically, in FIGs. 6 and 7, the heat 
sink 250 is a single body with a stiffener integrally formed 
therein. 

[0036] As described above, the invention provides the advan- 
tages as follows: 

[0037] i The heat sink mounted on the lower surface of the sub- 
strate in the package structure help to increase the heat 
dissipation efficiency of the chip. 

[0038] 2. The heat sink firmly mounted on the lower surface of 
the substrate in the package structure can lessen the 
warpage deformation of the substrate. 

[0039] 3. since the heat sink attached on the lower surface of the 
substrate has a CTE similar to or the same as that of the 
substrate, the heat sink can reinforce the structural 
strength of the substrate to avoid the warpage deforma- 
tion of the substrate. 

[0040] Realizations in accordance with the present invention 

therefore have been described in the context of particular 
embodiments. These embodiments are meant to be illus- 
trative and not limiting. Many variations, modifications, 



additions, and improvements are possible. Accordingly, 
plural instances may be provided for components de- 
scribed herein as a single instance. Additionally, struc- 
tures and functionality presented as discrete components 
in the exemplary configurations may be implemented as a 
combined structure or component. These and other varia- 
tions, modifications, additions, and improvements may 
fall within the scope of the invention as defined in the 
claims that follow. 



